Live and standing dead biomass, standing crop, and total nitro gen, within each component, were measured in a big sacaton
disappearance ofstanding dead suggests that stocking rates should be based on standing crop just prior to the grazing period rather than peak standing crop after the summer growing season.
Big sacaton (Sporobolus wrightii Monro) grasslands produce abundant forage in summer (Gavin 1982) and pure stands once existed along the channels and tributaries associated with the San Pedro and Santa Cruz Rivers in southeastern Arizona (Griffiths 1901) . These grasslands, which are located on low alluvial flats or flood plains (Wooten and Standley 1912) , naturally spread flood waters, trapped sediments (Hubbell and Gardner 1950) , limited soil erosion (Humphrey 1958) , and provided a forage resource for one million cattle before 1890 (Cox et al. 1983 ).
Range managers and researchers have assumed for more than 100 years that the standing dead biomass of big sacaton disappears slowly, and this assumption has been used to justify the need for burning and mowing. Data to support this slow disappearance hypothesis is not available in the literature. Some work has been reported on the response of big sacaton following burning (Bock and Bock 1978) and mowing (Haferkamp 1982) . However, infor mation on the cycling of above-ground biomass and nitrogen in undisturbed big sacaton grasslands is currently unavailable.
The objectives of this study were to (I) investigate the seasonal dynamics of live and standing dead biomass and nitrogen of big sacaton grasslands under natural conditions, and (2) to interpret biomass and nitrogen dynamics in relation to annual climate.
Site Description
A study site representative of the big sacaton grasslands in southern Arizona, western New Mexico, west Texas, and northern Chihuahua (Soil Conservation Service 1979) was selected about 80 km south of Tucson in southeastern Arizona (31°47' N lat., 110°3 7' W long.) at an elevation of 1,370 m. The soil is a Pima silty clay loam, with a sandy loam subsoil (thermic Typic Haplustoll) (Richardson et al. 1979) . These soils are recent alluvium, wea thered from mixed rocks, moderately alkaline, slightly calcareous and greater than 2 m in depth. Total annual precipitation in the area has varied from 175 to 450 mm in the past 50 years (Sellers and Hill 1974) . Approximately 60% of the annual precipitation occurs in summer (July-Sep tember) when mean daily air temperatures are above 30°C; and the remaining 40% usually comes in winter (December-February) when night-time air temperatures are frequently below 0°C. Fall (October-November) and spring (March-June) are cool, dry and windy.
Methods and Materials A 2-ha study site was fenced to exclude livestock. Nine, 15X15 m plots were established in February 1980. Three plots were ran domly selected and sampled every 6 weeks between 17 April 1980 and 6 February 1981. Three additional plots were selected and sampled on the same dates between 17 April 1981 and 6 February 1982. The remaining 3 plots were sampled between 17 April 1982 and 6 February 1983. Experimental design was a randomized block with 3 replications each year and sampling over 3 years.
Twenty, 0.3 X 2.9-m sampling areas were randomly located within each plot at each sampling date; no sampling area was sampled more than once. Big sacaton plants in 4 sampling areas were harvested at the soil surface and hand separated into live (green) and standing dead biomass (yellow and gray) components. Each measured component was weighed in the field and a modified weight-estimate technique was used to estimate both live and standing dead biomass components in the remaining 16 sampling areas (Pechanec and Pickford 1937) . Harvested samples were dried in a forced-draft oven at 40°Cfor 48 hours. Regression techniques were used to correlate actual dry weights with estimated field weights (Campbell and Cassady 1949) . These values were used to calculate biomass (kg/ ha) for each vegetative component. Values were rounded to the nearest 50 kg/ha.
Initially, litter on the soil surface was to be collected in each of the harvested sampling areas at each sampling date. This practice was discontinued after 18 sampling dates because very little litter (less than 3% of the standing crop) accumulated on the soil surface between plants.
Dry plant samples of either live or standing dead biomass were composited for each plot and ground over a 40-mesh screen. Sam ples were thoroughly mixed and a sub-sample digested and ana lyzed for total nitrogen using a Technicon*1 digestorand a contin uous flow auto-analyzer (Schuman et al. 1973) . Total nitrogen concentration (/ig/g) of the component was multiplied by the calculated biomass (kg/ ha) amount and rounded to the nearest 1 kg/ha.
Precipitation was recorded with a MRI®1 mechanical weather station. Daily precipitation was accumulated for all dates between individual harvests (Fig. I) .
■The mention of a commercial product is for the reader's convenience and does not imply endorsement by the USDA. Agricultural Research Service.
Reprinted standing dead biomass and precipitation (mm) at 8 annual sampling datesfor a big sacaton grassland in southeastern Arizona. An asterisk (*) above the standard error notation indicates a significant difference («■ -0.05) among years at the same sampling date. Daily precipitation amounts were accumulatedfor the 6 weeks prior to sampling.
Biomass and total nitrogen within each measured component at the same date were compared among years by analyses of variance. When /"values were significant (« = 0.05) a Duncan's new multiple range test was used to separate means (Steel and Torrie 1960).
Results and Discussion
Live Biomass
The amounts of live biomass were different (oc = 0.05) at the August sampling dates and similarat the remaining sampling dates over the 3 years (Fig. 1) . Summer thunderstorms began in early July and most of August was dry in 1980 and 1982, whereas thunderstorms began in mid July and occurred regularly through August 1981. As a result, live biomass was 2 to 3 times greater in August 1981 (3,250 kg/ha) as compared to August 1980 (1,600 kg ha) and August 1982 (1,100 kg/ ha).
Peak live biomass at a big sacaton grassland site in west Texas was 2,650 kg/ha and the peak occurred in August (Gavin 1982) .
The peak in live biomass measured in west Texas is within the values obtained in southeastern Arizona, but 25% greater than the 3-year average (1,980 kg/ ha).
Standing Dead
The amounts of standing dead were similar (<x = 0.05) at the October sampling dates and averaged about 1,750 kg/ ha over the 3 years (Fig. I) . There was significant (« = 0.05) variation in the amounts of standing dead at the remaining sampling dates over the 3 years.
Standing dead averaged 3,200 kg/ ha during the dry spring and early summer of 1980. About 50% disappeared between August and October, but a similar amount accumulated from the live component in November. Approximately 45% of the amount that accumulated in fall 1980 disappeared following 3 snowstorms in January 1981.
Standing dead averaged 1,750 kg/ ha during the spring and early summer of 1981, and about 40% disappeared following 145 mm precipitation between 10 July and 21 August. Standing dead began to accumulate in fall, and the total amount on 24 December was about 350% greater than on 21 August.
Standing dead averaged 3,500 kg/ha during the dry winter and spring of 1981-82. Approximately 25% disappeared in early summer when thunderstorms began, and an additional 25% disap peared in late summer when the thunderstorm activity resumed. Cool-season precipitation in November and December was 110 mm and standing dead averaged 2,350 kg/ha. This amount is about 1,000 kg/ ha less than on the same dates in 1980 and 1981 when precipitation was 20 and 40 mm, respectively. Approxi mately 36% of standing dead present in December 1982 had disap peared following 3 snowstorms in January and 1 snowstorm in early February 1983.
Standing Crop
Standing crop, the sum of the live and standing dead compo nents, averaged 2,350 kg/ha in February and 4,450 kg/ha in August over 3 years (Fig. 1) . The percent of the live component within the standing crop was less than 50% at all sampling dates except two, 21 August and 2 October 1981.
Peak standing crops varied from 3,900 kg/ha in August 1982 to 5,150 kg/ha in August 1980. Peak standing crop of big sacaton was 4,600 kg/ha in southcentral Texas (Haferkamp 1982 ) and 4,350 kg/ha in west Texas (Gavin 1982) . Peak standing crop of 10 North American ungrazed temperate mid-and tall-grass prairies aver aged 2,350 kg/ ha and ranged from 550 to 5,250 kg/ha (Sims and Singh 1978) . Peak standing crops of big sacaton stands in south eastern Arizona and Texas are generally equivalent, and appear to be intermediate between the temperate mid-and tall-grass prairies.
Nitrogen Quantities
Average N present in live above-ground biomass varied from 2 to 31 kg/ha over 3 years (Fig. 2) . Live biomass in August 1981 contained 75% more N than live biomass in August 1980 and Total N was generally greater in live biomass in August 1980 and Total N was generally greater, but not significantly (<x = 0.05) at the April, May and July 1981 sampling dates as compared to the same dates in 1980 and 1982. Quantities of N in standing dead varied from 7 kg/ ha in Febru ary 1983 to 15 kg/ha in November 1981 and May 1982 (Fig. 1 ).
Total N in standing dead was similar at the same date over the 3 years. Summer precipitation does promote the disappearance of standing dead biomass and the leaching of N from the remaining standing dead. However, the rapid disappearance of standing dead in August and October and the corresponding rapid accumulation of standing dead in November and December makes it difficult to establish meaningful relationships between summer precipitation and quantities of N in live and standing dead biomass. Mean N quantities in standing crop varied from 11 kg/ha in February to 33 kg/ha in August over the 3 years (Fig. 2) . More (March to June). If cool-season precipitation in the form of snow occurs from November to February, standing crop may decline by 40% before the initiation of grazing, as in 1980-81 and 1982-83 (Table 1) . Under such conditions stocking rates might well be 2 times greater than the forage base would support over the selected Table 1 . The amounts of precipitation (mm) between October 2, and February 6, and standing crops (kg/ha) of big sacaton sampled on October 2,1980-82 and February 6,1981-83. Sampling Dates The presented data clearly show that standing dead big sacaton biomass will rapidly disappear following precipitation in either fall, winter, or summer. These data do not support the commonly accepted belief that standing dead biomass disappears slowly under natural conditions (Griffiths 1901 , Humphrey 1960 . How ever, the logic which contributed to this belief is easily understood.
Standing dead biomass is the predominant vegetation component within big sacaton grasslands for about 49 weeks of each year, and even though standing dead does disappear after precipitation, it does not accumulate on the soil surface between plants. Therefore, open areas between plants are litter-free for the majority of each year and this would suggest a gradual breakdown. Observations made during this 3-year study suggest that most standing dead biomass falls into the plant interior and is trapped within the remaining standing dead.
As standing dead disappears following either fall or winter mois ture, litter accumulates within the remaining standing dead. This litter source may serve as an important N reserve which becomes quickly available for plant growth in summer through the pro cesses of decay, nitrogen mineralization and nitrification (Sharrow and Wright 1977) . The entrapment of N within the remaining standing dead probaby reduces N losses associated with flooding.
There are many problems associated with attempts to relate plant production and stocking rates. However, one specific prob lem becomes very apparent if standing crop, grazing period and cool-season moisture are collectively viewed, and the implications expressed in stocking rates. Ranchers normally set stocking rates based on the standing crop present in October, and big sacaton grasslands are grazed in the following spring and early summer grazing period. However, if cool-season precipitation occurs in October and November through January is dry, then standing crop may decline by only 13%, as in 1981-82. Under this condition stocking rates based on October standing crop would be similar to stocking rates based on February standing crop.
Conclusions
The results of this study would suggest that: (1) live biomass is present throughout the year in big sacaton stands but peak produc tion corresponds to July-September precipitation; (2) standing dead biomass peaks 60 to 90 days following the summer peak in live biomass; and (3) standing crop may decline by 40% following the occurrence of cool-season moisture. The occurrence of coolseason moisture is common in southeastern Arizona and ranchers should be aware that spring stocking rates based on standing crop in October will need to be reduced following wet winters. Conver sely, cool-season moisture is uncommon in southern New Mexico, west Texas, and northern Mexico and stocking rates based on standing crop in October will be similar to standing rates based on stocking crop in February.
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